Bronchial carcinoids (BCs) are rare tumors originating from endocrine cells dispersed in the respiratory epithelium. It has been previously demonstrated that everolimus, or RAD001, an mTOR inhibitor, has potent antiproliferative effects in human endocrine tumors. Our aim was to evaluate the possible antiproliferative effects of everolimus in human BCs in primary culture. We collected 24 BCs that were dispersed in primary cultures, treated without or with 1 nM-1 mM everolimus, 10 nM SOM230 (pasireotide, a somatostatin receptor multiligand), and/or 50 nM IGF1. Cell viability was evaluated after 48 h, and chromogranin A (CgA) as well as vascular endothelial growth factor (VEGF) secretion was assessed after 8 h incubation. Somatostatin receptors, mTOR, and AKT expression were investigated by quantitative PCR. We found that in 15 cultures (67.5%), everolimus significantly reduced cell viability (by w30%; P!0.05 versus control), inhibited p70S6K activity (K30%), and blocked IGF1 proliferative effects. Everolimus also significantly reduced CgA (by w20%) and VEGF (by w15%) secretion. Cotreatment with SOM230 did not exert additive effects on cell viability and secretory activity. AKT expression was similar in responder and nonresponder tissues, while mTOR expression was significantly higher in the responder group, which was characterized by higher CgA plasma levels and bigger tumors with higher mitotic index and angiogenesis. Our data demonstrate that everolimus reduces VEGF secretion and cell viability in BCs with a mechanism likely involving IGF1 signaling, suggesting that it might represent a possible medical treatment for BCs.
Introduction
Well-differentiated bronchial neuroendocrine tumors, also referred to as bronchial carcinoids (BCs), are rare tumors accounting for w25% of all neuroendocrine tumors, representing 1-2% of all lung cancers. Localized tumors are treated with conservative surgery, while standard therapy for metastatic lung carcinoids is represented by cytotoxic treatment after surgical resection (Oberg & Jelic 2009) . Treatment with somatostatin (somatotroph inhibitory factor, SRIF) analogs has been widely employed to reduce symptoms due to uncontrolled hormonal secretion, and radiometabolic therapy can also be an option (Gustafsson et al. 2008) . BCs have been reported to express c-kit, platelet-derived, and epithelial growth factor receptors, suggesting that treatment with tyrosine kinase receptor inhibitors may be of utility (Granberg et al. 2006 ), but few clinical data are available so far (Bertino et al. 2009 ). Since available medical treatments for advanced BCs are rarely effective in reducing tumor growth (Oberg & Jelic 2009) , new therapeutic strategies are needed especially for aggressive tumors that cannot be radically treated with surgery. Everolimus, or RAD001, a novel oral mTOR inhibitor, has been recently employed in neuroendocrine tumors, including also few primary lung tumors, showing disease stabilization (Yao et al. 2008) . These patients were also treated with octreotide, a SRIF analog having affinity for two of the five SRIF receptors (SSTR2 and SSTR5). This drug has been shown to reduce serum insulin-like growth factor 1 (IGF1) levels in patients with solid tumors (Pollak et al. 1989) . Moreover, it has been previously indicated that upregulation of IGF pathway, which is upstream of mTOR, could represent a potential resistance mechanism for everolimus (O'Reilly et al. 2006) . The aim of our study is therefore to verify the effects of everolimus in a group of 24 human BCs in vitro, in combination with a new SRIF analog, SOM230 (pasireotide) interacting with four of the five SSTRs, also exploring the possible interactions with IGF1 signaling. We also investigated the possible predicting factors of tumor responsiveness to mTOR inhibitors.
Materials and methods

Materials
All reagents, if not otherwise specified, were purchased from Sigma-Aldrich. Everolimus and SOM230 (pasireotide) were provided by Novartis Pharma.
Human BCs
The samples derived from 24 patients, whose characteristics are shown in Table 1 , diagnosed and operated on for BCs between 2007 and 2009 at the University of Ferrara (Section of Endocrinology and Institute of Surgery), and at the University of Padova (Department of Medical and Surgical Sciences and Department of Thoracic Surgery). All patients (14 males and 10 females; ageZ51.5G3.1 years) underwent BC resection, and had histological and immunohistochemical diagnosis of typical BC in 19 patients and of atypical BC in five patients, according to WHO classification (Travis & Brambilla 2004) .
Tissue collection and primary culture
Tissues were collected following the guidelines of the local committee on human research, and immediately minced in RPMI 1640 medium under sterile conditions, as described. Primary cultures were then prepared as described previously ).
Informed consent of the patients was obtained for disclosing clinical investigation and performing the in vitro study.
Cell viability
The effects of everolimus, IGF1, and SOM230 (pasireotide, a SSTR multiligand; Bruns et al. 2002) were tested on BC primary cultured cells, plated in 96-well plates at 2!10 4 cells/well, and treated after 24 h without or with the test substances. Treatments were renewed after the first 24 h of incubation. Cell viability was assessed after 48 h by the TACS 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) cell proliferation assay (Trevigen, Gaithersburg, MD, USA), as described previously (Zatelli et al. 2010) using the Wallac Victor 1420 Multilabel Counter (Perkin-Elmer, Monza, Italy). Results (absorbance at 490 nm) were obtained by determining the mean value of eight replicates.
Fluorescence microscopy
IGF1 receptor (IGF1R) immunofluorescence was performed as previously described (Zatelli et al. 2009 ), by using a goat anti-human IGF1R antibody (1 mg/ml; Sigma-Aldrich) and a secondary tetramethyl rhodamine isothiocyanate (TRITC)-conjugated mouse anti-goat antibody (1:200 v/v; Invitrogen Molecular Typical  T2N2  2  36  F  Atypical  T2N1  3  49  F  Typical  T3N0  4  29  M  Typical  T2N0  5  45  M  Typical  T2N0  6  52  M  Typical  T1N0  7  36  F  Typical  T2N1  8  74  F  Typical  T1N0  9  68  M  Atypical  T2N0  10  39  M  Atypical  T3N0  11  47  F  Typical  T2N0  12  76  M  Typical  T1N1  13  42  M  Typical  T2N0  14  30  M  Typical  T2N0  15  72  F  Typical  T1N0  16  72  M  Typical  T1N1  17  39  F  Typical  T2N0  18  72  M  Typical  T1N1  19  68  M  Typical  T2N0  20  41  M  Atypical  T3N0  21  50  F  Typical  T1N0  22  57  M  Typical  T2N1  23  45  M  Typical  T1N0  24 49 F Atypical T2N0
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www.endocrinology-journals.org Probes). Slides were mounted with the ProLong Gold antifade reagent (Invitrogen Molecular Probes) containing the nuclear stain 4 0 ,6 0 -diamidino-2-phenylindole (DAPI) under glass cover slips (Menzel-Glaser, Braunschweig, Germany). The slides were visualized with the Nikon Eclipse TE2000-U fluorescent microscope, photographed with a !60 objective magnification with the DS-5M Nikon color CCD digital camera, and analyzed with the Multi-Analyst software (Bio-Rad). Preimmune serum and antigenabsorbed antibody were used as controls.
p70S6K activity assay
Kinase activity of p70S6K was evaluated by the p70S6K Activity Assay Kit (Assay Designs, Inc., Ann Arbor, MI, USA), as previously described (Zatelli et al. 2010) . Cells, plated at 10 6 cells/well in 10-cm dishes, were treated after 24 h without or with the test substances. After 48 h, total proteins were isolated, using 600 ng proteins for each sample to evaluate p70S6K kinase activity. The absorbance at 450 nm was recorded using the Wallac Victor 1420 Multilabel Counter (Perkin-Elmer). Results were obtained by determining the mean value of six replicates.
Isolation of RNA and RT-PCR
RT-PCR analysis for chromogranin A (CgA) expression was performed on each specimen, and gene expression was analyzed only in CgA-expressing tissues, as previously described . Briefly, total RNA was isolated from tissues with TRIzol reagent (Invitrogen) and treated with RNase-free DNase (Promega). Reverse transcription and PCRs were carried out as previously described . Human b-actin (ACTB) amplification was performed as control for RT reaction.
Quantitative PCR for mTOR, AKT, and SSTRs mRNA
Relative quantitative PCR (RQ-PCR) for assessing mTOR and AKT expression was performed using TaqMan gene expression assays (mTOR Hs00234522_m1; AKT1 Hs00178289_m1; Applied Biosystems, Monza, Italy). 18s rRNA (4319413E TaqMan Endogenous Control; Applied Biosystems) was used as reference gene. Results are expressed as the fold difference of gene expression level in responder tissues versus a pool of nonresponder tissues (calibrator). We performed at least five independent experiments in three replicates.
Q-PCR for SSTR subtype 1, SSTR2, SSTR3, SSTR4, and SSTR5 was performed as previously described (Zatelli et al. 2010) . The Pre-Developed TaqMan Assay Reagents for huGUS (Applied Biosystems) was used to asses reverse transcription efficiency, with slopes K3.3G0.1 for all assays. In each experiment, no template control and RT controls were run, and a cutoff of 3!10 3 mRNA copies/mg total RNA was considered as the threshold for Q-PCR to exclude the detection of transcripts due to illegitimate transcription (Chelly et al. 1989 , Korbonits et al. 2001 . SSTR tissue expression was also confirmed by immunohistochemistry, performed as previously described (Bondanelli et al. 2005) . All RQ-PCR and Q-PCRs were performed, recorded, and analyzed using the ABI 7700 Prism sequence detection system (Applied Biosystems).
CgA and vascular endothelial growth factor assays
CgA and vascular endothelial growth factor (VEGF) were measured in conditioned medium from primary cultured cells (2!10 4 cells/well in eight replicates) after a 8-h treatment without or with the test substances with an ELISA kit specific for CgA (Dako, Milano, Italy) and one for VEGF (Pierce Biotechnology, Inc., Rockford, IL, USA) respectively as previously described (Zatelli et al. 2004 (Zatelli et al. , 2007 . Assays were performed in duplicate after appropriate medium dilution. Results were obtained by determining the mean value among eight replicates.
Western blot analysis
Total cell lysates were obtained from homogenized BC. Protein extracts resolved by SDS-PAGE as previously described (Tagliati et al. 2006) were probed with different antibodies: anti-mTOR, anti-phospho mTOR (Euroclone, Milano, Italy), anti-p70S6K1, antiphospho p70S6K1 (Santa Cruz Biotechnology, Heidelberg, Germany), and anti-actin (Sigma-Aldrich). Immunoreactive proteins were visualized by enhanced chemiluminescence (Amersham International).
Statistical analysis
Results are expressed as the meanGS.E.M. A test for multiple comparisons (Student Newman-Keuls) was used to evaluate individual differences between means. The c 2 and one-way ANOVA tests were used to compare clinico-pathological and molecular data of responder with those of nonresponder primary cultures, setting the level of statistical significance at PZ0.05. 
Results
Effects of everolimus on cell viability
To determine the effects of everolimus on cell viability of dispersed BC cells, BC primary cultures were treated for 48 h with everolimus at concentrations from 1 nM to 1 mM. As shown in Fig. 1A , when considered as a whole group, human BC primary cultures displayed a modest response to everolimus in terms of cell viability reduction (gray bars). Indeed, everolimus slightly but significantly reduced cell viability at 10 nM (K7.7%; P!0.05) and at 100 nM (K10.7%; P!0.05), but not at 1 mM. Therefore, the whole group was divided into primary cultures displaying each a significant (P!0.05) cell viability reduction under everolimus treatment, referred to as 'responders', and those that did not, referred to as 'nonresponders'.
According to this criterion, cultures from 15 BCs were considered as 'responders', and cultures from nine BCs were considered as 'nonresponders'. As shown in Fig. 1A , in the responders group (black bars), everolimus significantly (P!0.05) reduced cell viability at 10 nM (K24.4%), at 100 nM (K27.8%), and at 1 mM (K9.3%). In the nonresponder BCs (white bars), everolimus did not significantly modify cell viability at any concentration. Further experiments were carried out only in the 'responders' group.
Differential features between responder and nonresponder BCs to everolimus
As shown in Table 2 , no difference was found between responders and nonresponders BC concerning age, gender, tumor site, smoking habit, TNM staging, and immunohistochemical staining for CgA, neuron specific enolase (NSE), synaptophysin, or ki67 labeling index. Whereas, maximal tumor diameter and percentage lymph node metastases were significantly greater in responders as compared with nonresponders BC. All but one responder tumor showed octreoscan positivity preoperatively. The 15 responder tumors were histologically diagnosed as typical in ten cases and as atypical in five cases, while all the nonresponders tumors were consistent with typical carcinoids. Moreover, responder tissues had a significantly (P!0.05) higher number of mitoses and a 1.7-fold higher score for the angiogenetic marker CD105. CgA and P polypeptide (PP) circulating levels were significantly approximately six-and two-fold higher in patients with responder as compared with nonresponders BC respectively. Gene expression analysis showed that mTOR mRNA expression was much higher in responder tumors as compared with nonresponders BC. Accordingly, a higher level of total and phosphorylated mTOR protein was found in responder as compared with nonresponder BC (Fig. 1B) . On the other hand, AKT mRNA expression was highly variable in both groups, and therefore, no significant difference could be appreciated. VEGF and its receptors were expressed only in a minority of BC, without differences between responder and nonresponder tumors (not shown).
Taken together, these findings indicate that responder tissues display more aggressive features and a higher expression of the molecular target of everolimus, mTOR, as compared with nonresponder tissues.
Effects of IGF1 on cell viability
To analyse the possible effects of IGF1 on primary BC cultures, we first demonstrated that IGF1R is indeed expressed in BC dispersed cells (Fig. 2A) . In addition, 
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www.endocrinology-journals.org incubation with an anti-IGF1R antibody determined a significant reduction in basal cell viability (K21%; P!0.01) and blocked the stimulatory effects of IGF1 on this parameter, underlining the importance of serum IGF1 in BC cell viability in vitro (Fig. 2B ). To investigate whether everolimus inhibitory effects might involve pathways activated by growth factors, such as IGF1, cell viability was assessed in the responder BC cultures treated with or without 50 nM IGF1, in the presence or in the absence of everolimus at 1 nM-1 mM. IGF1 significantly promoted cell viability (C23%; P!0.01), an effect that was completely abolished by everolimus at concentrations R10 nM (Fig. 2C) . 
Effects of everolimus on p70S6K activity
To evaluate whether the effects of everolimus are related to mTOR inhibition, we evaluated the kinase activity of p70S6K, one of the main downstream effectors of mTOR. The responder BC primary cultures were treated for 48 h with or without 50 nM IGF1, in the presence or in the absence of everolimus at 1 nM-1 mM. Everolimus at concentrations R10 nM significantly and dose-dependently reduced p70S6K activity (from K10.8 to K36.6%; P!0.05). On the other hand, IGF1 significantly induced p70S6K activity (C49%; P!0.01), an effect that was completely blocked by coincubation with everolimus R10 nM (Fig. 2D) . Western blot analysis for total (p70S6K) and phosphorylated (pp70S6K) p70S6K confirmed these findings, showing that everolimus dose-dependently reduced p70S6K phosphorylation and was capable of blunting the stimulatory effects of IGF1 on this parameter (Fig. 2E) .
Effects SOM230 on cell viability
We also evaluated the possible cooperative effects of everolimus with a SSTR pan-agonist, SOM230. First of all, we assessed SSTR expression in the 15 BCs responding to everolimus (Fig. 3) . SSTR1 was expressed in seven tissues (47%), with the highest expression level among all SSTRs (39.5!10 4 mRNA molecules/mg of reverse-transcribed total RNA). SSTR2 (9!10 4 mRNA molecules/mg of reversetranscribed total RNA) was expressed in 14 tissues (93%), while expression of SSTR3 and SSTR4 was below the detection threshold level (!3!10 3 mRNA molecules/mg of reverse-transcribed total RNA). SSTR5 was expressed in six tissues (40%), with an expression level (3!10 4 mRNA molecules/mg of reverse-transcribed total RNA) much lower as compared with SSTR1 and SSTR2. Qualitative data on SSTR tissue expression were also confirmed by immunohistochemical studies.
Preliminary experiments showed that 100 nM was the lowest SOM230 concentration which significantly reduced in vitro cell viability of human BCs (not shown). As shown in Fig. 4A , treatment with 100 nM SOM230 determined a slight but significant reduction in cell viability (K10.3%; P!0.05); however, SOM230 did not enhance the inhibitory effects of everolimus at any concentration tested.
Effects of everolimus on CgA and VEGF secretion
To determine the effects of everolimus on CgA and VEGF secretion by dispersed BC cells, we assessed CgA and VEGF concentrations in conditioned medium from the 15 BC primary cultures responding to everolimus.
Basal CgA levels in the culture medium (6.9
G1.1 ng/ml) were slightly but significantly (P!0.05) reduced by treatment with everolimus at 10 nM (K10.6%) and at 100 nM (K18.7%). SOM230 at 100 nM as well significantly reduced CgA secretion (K12.7%; P!0.05), an effect that was not significantly enhanced by cotreatment with any everolimus concentration (Fig. 4B) . Basal VEGF levels in the culture medium (16.3 G1.8 pg/ml) were slightly but significantly reduced by treatment with everolimus at 10 nM (K12.6%; P!0.05) and at 100 nM (K15.8%; P!0.05). SOM230 at 100 nM as well significantly reduced VEGF secretion (K16.4%; P!0.05), an effect that was not enhanced by cotreatment with any everolimus concentration (Fig. 4C ).
Discussion
We here show that everolimus, a novel oral mTOR inhibitor, can effectively reduce both cell viability and CgA and VEGF secretion in a group of clinically and histologically aggressive BC in vitro. Our results provide the biological basis for the already reported efficacy of everolimus in disease stabilization in a small group of patients with primary lung neuroendocrine tumors (Yao et al. 2008) . The involvement of the mTOR pathway in BC has been previously suggested by the reported high expression of mTOR and its effector, p70S6K, in a series of metastatic typical BC (Righi et al. 2010) . Our data are in line with this evidence, since we demonstrate that mTOR is expressed in BC, mostly in tissues responding to everolimus with a reduction in p70S6K activity, indicating that the mTOR pathway is activated in BC. However, the finding that everolimus at 1 mM reduces cell viability to a lesser extent than at 100 nM while p70S6K is further reduced, may indicate that this drug may activate other pathways, such as AKT itself or ERK pathway, as previously reported (Abrams et al. 2010) . These pathways, in turn, may protect BC cells from the inhibitory effects of everolimus.
Our results also show that IGF1 can promote in vitro BC cell viability, suggesting that IGF1 downstream signaling may be important in controlling BC growth, as also indicated by the evidence that IGF1R blockade reduces basal and IGF1 stimulated BC cell viability. Moreover, the evidence that everolimus downregulates the response of BC primary cultures to IGF1 in terms of p70S6K activity indicates that everolimus might control BC proliferation by hampering IGF1 downstream signaling. The important role for IGF1 and its receptors in the control of neuroendocrine tumor proliferation is underlined by the evidence of a high or constitutive expression of IGF1, IGF2, and IGF receptors in gastroenteropancreatic neuroendocrine tumors (GEP-NETs; Wulbrand et al. 2000) . In addition, IGF1-dependent signaling has been demonstrated to promote tumorigenesis and to increase hormonal secretion in a GEP-NET cell line (Grozinsky-Glasberg et al. 2008) . We here report for the first time the evidence for IGF1R expression and for a possible proliferative role of IGF1 also in BC cells.
In our settings, everolimus significantly reduced cell viability in 62.5% of the examined tumors, which displayed clinical and histological characteristics of greater aggressiveness (approximately twofold greater diameter, approximately threefold higher metastatic rate and approximately twofold higher number of mitoses as compared with BC not responding to everolimus). These results indicate that aggressive BCs respond to the treatment with mTOR inhibitors, possibly representing an effective therapeutic tool for aggressive unresectable BC. This perspective is clinically important, since BCs show minimal and short-lasting responses to various chemotherapeutic agents (Beasley et al. 2000) , being still orphan of an effective medical treatment. In these settings, a reduction in cell viability of nearly 30%, possibly mirroring a reduction in tumor diameter, could be clinically relevant, since it may candidate the patients for a further surgical treatment. The lowest effective everolimus concentration in responder BC (10 nM) is slightly higher than the therapeutic range recommended (3-8 nM) when everolimus is used as an immunosuppressant drug, at an oral daily dose of 1.5 mg/day (Mabasa & Ensom 2005) . Everolimus is currently employed in clinical trials involving neuroendocrine tumors, such as RADIANT-1 (Yao et al. 2010) at oral daily doses of 10 mg, likely achieving much higher plasma concentrations. However, clinical trials are necessary to test the in vivo relevance and the impact on survival of a medical treatment with everolimus in BC.
The greater mTOR expression in the group of responder BC provides the molecular basis for the efficacy of everolimus, and might explain the resistance of nonresponder BC to the antiproliferative effects of everolimus, since these tumors express the drug molecular target at lower levels. The higher expression of the angiogenic marker CD105 in the group of BC responding to everolimus provides a further explanation for the efficacy of mTOR inhibitors, which have been demonstrated to have antiangiogenic properties (Bjornsti & Houghton 2004) . CD105/endoglin, a glycoprotein expressed on the surface of endothelial cells of peri-and intratumor neoformed blood vessels, involved in vascular development and remodeling (Fonsatti et al. 2003) , is considered as an efficient marker of angiogenic activity in tumor tissues (Fonsatti & Maio 2004) . Everolimusresponder BCs display higher angiogenic activity as compared with nonresponder BC, providing a further explanation for their sensitivity to mTOR inhibitors. In addition, these results indicate that CD105 may represent a useful pathological marker to identify tumors more likely to be successfully treated with an antiangiogenic drug, such as everolimus. In keeping with the evidence that neoangiogenesis, quantified by neoformed pathological microvessel density, predicts nodal metastases in typical BC (Das-Neves-Pereira et al. 2008), we found that metastatic lymph nodes were significantly more frequent in tumors responding to everolimus.
It has been previously shown that microvessel density correlates with VEGF (Raica et al. 2009) , which is expressed, together with its receptors, also in lung carcinoids (Ambs et al. 1998) . However, we failed to demonstrate any difference in VEGF and VEGF-R expression between responder and nonresponder BC. Moreover, only a slight decrease in VEGF secretion in vitro (!20%) was observed under everolimus treatment in responder BC, and was not modified by simultaneous treatment with SOM230, at variance with previous evidence reported in nonfunctioning pituitary adenomas (Zatelli et al. 2010) . These data suggest that VEGF might not be an optimal marker for identifying patients likely responding to everolimus. On the other hand, the evidence that everolimus can reduce VEGF as well as CgA secretion underline that this drug might also have antisecretory properties, possibly limiting uncontrolled BC secretory activity. At the same time, our data show that patients bearing responder BC display higher plasma CgA and PP levels as compared with nonresponders, suggesting that these parameters might represent predictive factors for in vivo response to everolimus. On the other hand, no difference was found between responder and nonresponder tissues in terms of NSE immunostaining or circulating plasma levels, suggesting that there is no correlation between these parameters and response to everolimus in our experimental model, at variance with what reported for patients with metastatic pancreatic neuroendocrine tumors (Yao et al. 2010) .
SRIF analogues are reported to improve the control of carcinoid syndrome (Yao 2007) , in keeping with SSTR expression in BC. SSTR2A and SSTR3 expression has been recently investigated in pulmonary endocrine tumors (Righi et al. 2010) , showing that these receptors are heterogeneously distributed, with SSTR2 strikingly overexpressed in metastatic typical as compared with atypical and clinically benign BC. Our data also show that SSTR2 is the most frequently expressed SSTR subtype, but its expression is quantitatively lower as compared with SSTR1, which was not investigated by Righi et al. (2010) . The evidence that SSTR1 is expressed at high level by almost half of the investigated BC provides the basis for testing the deriving primary cultures with a SSTR 'pan-agonist', such as SOM230, which binds also to SSTR1, which represents an additional target for this drug. Our data indeed show that treatment with SOM230 has an inhibitory effect on BC cell viability and secretory activity. Currently employed SRIF analogs, such as octreotide an lanreotide, having affinity mostly for SSTR2 and SSTR5, are know as effective treatment to prolong the time to tumor M C Zatelli et al.: Everolimus in bronchial carcinoids www.endocrinology-journals.org progression in patients with functionally active and inactive metastatic midgut neuroendocrine tumors (Rinke et al. 2009 ) and to reduce hormonal secretion also by bronchial endocrine tumors (Rubin et al. 1999) , whereas antitumor effects of SRIF analogues in lung endocrine tumors are still a matter of discussion (Filosso et al. 2002 , Srirajaskanthan et al. 2009 ). Therefore, the finding that the new SRIF analog SOM230 (pasireotide) might be effective in controlling BC tumor bulk opens new therapeutic perspectives for patients not responding to other medical treatments. However, SOM230 does not exert additive effects with everolimus, both on cell viability and on secretory activity. It should be noted that the antisecretory effects of both SOM230 and everolimus are not related to the inhibitory effects on cell viability, since CgA and VEGF have been evaluated after a short incubation (8 h), while the effects on cell viability are apparent after a 48-h incubation. The lack of additive effects under cotreatment with SOM230 and everolimus supports the hypothesis that the two compounds likely transduce their effects by at least partially similar pathways. However, further studies are necessary to elucidate this issue.
In summary, for the first time, we here provide evidence that everolimus reduces cell viability of aggressive BC in vitro, without cooperative effects with a SRIF analog. We identify putative clinicopathological predictive factors of response to mTOR inhibitors, such as diameter, percentage of metastatic lymph nodes, mitotic figures, angiogenetic markers, and circulating markers (CgA and PP), which, however, need validation in clinical trials. Our data indeed indicate that everolimus may represent a possible medical therapy for aggressive and highly vascularized BC.
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